Chinese Physical Society
IR Acta Physica Sinica

. Institute of Physics, CAS

BARSBIEANE: B9 TIRISRA

BAE RE PR

Frontier of soft matter experimental technique: single molecular manipulation

Qian Hui Chen Hu Yan Jie

5| Fi{5 & Citation: Acta Physica Sinica, 65, 188706 (2016) DOI: 10.7498/aps.65.188706

1E 25 15%)152 View online:  http://dx.doi.org/10.7498/aps.65.188706
AP R View table of contents: http://wulixb.iphy.ac.cn/CN/Y2016/V65/118

AT RE R B E b3 E

Articles you may be interested in

27 B RO 370 47 SR OK B RO PR AORE B FL AT A S5 Aou
Trapping of multiple particles by space speckle field and infrared microscopy
YE=4.2014, 63(2): 028701  http://dx.doi.org/10.7498/aps.63.028701

ZL A0 RO I AT SR IO P R
Infrared microscopic observation of trapped absorbing particles
YyPE2EH%.2013, 62(20): 208702  http://dx.doi.org/10.7498/aps.62.208702

A S S 7 B T G R T 5 % LA DINA i Tre gt 7 o 4 2

A pair of high resolution magnetic tweezers with illumination of total reflection evanescent field and its
application in the study of DNA helicases

YE = 4.2013, 62(16): 168703  http://dx.doi.org/10.7498/aps.62.168703

I 1] RAT VR TN B GBI I E Y S S6 AT 7T
Calibration of optical tweezers using time of flight method
Y3224k .2012, 61(22): 228702  http://dx.doi.org/10.7498/aps.61.228702

e v 2 TR IE 42 B RE B DG B AR 22 I SE 3R AT 5
Aberrations in holographic array optical tweezers corrected with Zernike polynomials
YH%4.2012, 61(18): 188701  http://dx.doi.org/10.7498/aps.61.188701


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.65.188706
http://dx.doi.org/10.7498/aps.65.188706
http://wulixb.iphy.ac.cn/CN/Y2016/V65/I18
http://wulixb.iphy.ac.cn/CN/abstract/abstract57789.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract57789.shtml
http://dx.doi.org/10.7498/aps.63.028701
http://wulixb.iphy.ac.cn/CN/abstract/abstract55958.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract55958.shtml
http://dx.doi.org/10.7498/aps.62.208702
http://wulixb.iphy.ac.cn/CN/abstract/abstract54967.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract54967.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract54967.shtml
http://dx.doi.org/10.7498/aps.62.168703
http://wulixb.iphy.ac.cn/CN/abstract/abstract50514.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract50514.shtml
http://dx.doi.org/10.7498/aps.61.228702
http://wulixb.iphy.ac.cn/CN/abstract/abstract49797.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract49797.shtml
http://dx.doi.org/10.7498/aps.61.188701

) I8 ¥ 48  Acta Phys. Sin.

Vol. 65, No. 18 (2016) 188706

TRl IR RER

X PR SR Y 73 A A
B

A

B FHRERAR”

I 2)3) )t

1) (HITRZFIEBESEAR LR, EV0E SRR, 188 R BHE fsin=, H1] 361005)
2) CHrin B SE K54 1 R S BT, FimdE 117411)
3) CHrm3k B R R, Bind 117542)
4) GBI B S R AR GRS D, BN 117546)

(2016 4 8 A 2 FHigH; 2016 4 8 A 26 AULRIME M )

TRGEI 73 1 AW ST iR B AR RERW T, R ME TR B KR MY 2T K Lm0 5, X AT
TARRVEN TR REAR S DIREMEN S0 T35k, IRZ AR T AL B 288 11 0 7 IR SEAEAT
T RE I i A 2 32 3 82 7 25 T HOME L, AR SRR SE36 T A B XE T AT S L0001 K 02 . Bl 20 SR 24 K
Je A B T4 HOR AT LSS BN 73 1IR3 A%, RN AN 0y AR R AR T R K 02 E A L. O H
PR 5931 Bz BOR T B G BE REBRAT SR 1 0 A8, AN R R A AN (R B s A IV . A SO L
BRI THRAEOR BORE o, ELFE BRI B T LU N (4 77 (4 90 Bl SRS B2 S mT AR 1 23 7 K RV Bl SR
FEHARGHINA. FIL, B0 TRIEBBARIEN R T WRHELIE (DNA), B8R (RNA) A H
JREFI AL, FIEAER, ULy 3 S5k M Dh REMLER & 07 T 28 U 10 3 o R th g I BEAE PE A 2. A3
XAEM R RGN T R0 TR EOR A S 2 BOR A o B SRV R BRI — DA R 2%

KR B> TRREE, WABR, 6B, T R

PACS: 87.80.Nj, 82.37.Rs

1 5 =

VIR T RSP TG E. A
AT AR LN T, VR T an & A i
HERZ R (RNA) B8 B R (DNA) . PR 2 4
SRR AR BITRAAT 1), A ATT SRR RR T Ay ) AR
BOL—iE. A DNA fil RNA 2 s2 8 B4k
W THREBIHRAT R A (S BBk, Bl A AR
EEER R, R 2 HLR 1) A Wi 72 T B AR
EATHI S T/E LB 1 Ix s K0 T 10 %
FEARFIA BAE FH v T el A ywhee. Kk, 3
i AT 1 WL R RS B B e AN TAE R R 4L

DOI: 10.7498/aps.65.188706

F S EIR BT R AR UL ELAE B AR
YKo TSR DI RENR 51 T AL )
BRATSR IR WF 03 (0 )2 D, & A [R] A S T
BB ISR AT T ALK 23 1 I S5 R AN T RE (0 73
HLEE.

TR AR o3 1 R] LU SZ P AN A
() 5 5 R L pHL {45 117 i 2 K L F) A AR A B4
& e 1K) A2 AR T3 v AT UL SRBIE S48 AR [7] R 3 04 52
TEMRI TGN SRR, 517
T AW SR T R A LK IR DR
sy VAT S S5 0 o U B ot B T K H Y
gy 1, TS 2R P BE B R R 5 P T 2 T T

* [EFARRIHEIE G (MHES: 11474237, 11574310) 111 iK1 (LS B16029). e S AR R 25 3% (HEkifk5: 2013121005)

R g A 4 7 0t T BRI IN 3 [ S T 4 R B R
T I E1E#E. E-mail: chenhu@xmu.edu.cn
1 #{E/E#. BE-mail: phyyjQnus.edu.cn

© 2016 FEYIEF S Chinese Physical Society

http: //wulizb.iphy.ac.cn

188706-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.65.188706
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 65, No. 18 (2016) 188706

BV, HRIEAEM KD T RAEMRE R SR
AR FAF T AR AR, TKES
()~ 35 M AT AT B 1 X o 2 D AR 4 22 ).
R, A5 8t AR T VR TR SR L AE W) R 4y TR R 5
AR EG R, X T ARG 01—,
WIS, 4 SEIe T VAR A B, ko iE X o
TR EMEAERZ) )2 BT BN E. 5
b, ARG S5 7V R RE R R A RO AE VR TR
HE B, TR AR N B VR 2 YRS N
MERED. ST EREASSXZ BRI HME
F 12560 W 58 AR MR 7 1) 2 M R R A G i A
LB TV T AN Ty S . Tk =6 AR AT
TERA TRV B e EEAE, V2 AR T
P AE € TR 505 AR B B B

FERGT I 20 Z4E B, BL5r 1 SRin HOR E 2
RIBRLK. Hp—RR2RSFIRFE AR —3
S TR EOR D12 g # R AN A o
TAERMEXT G, 5T R OCEARMKEE S Fh R 6
10T B R A BOG T BRI R BT (R AR LI AT A 7T,
LAy TR BORNG BT E I BN O TR AE D)
75 ol 10 2 9 E VAV [ 8 1l s < K SO
-1 7 2 W R G AR R LIS ik ) B 1 )
fif Kl Ze SRR AL

BT OCEOR AT LU 44 A A P 1) %
PG OL . £ R BTG TR, 80 A A
1796 B EHGE AR, st BG4 #raT LA
PR B2 1y TGS AT I A MR B e RLAE BE, R
PN FAEAS [F RIS Z1 53 730 4 LA K 1) B2 5 Aot
IRJGE WA GAE— &, AR 1 S 2 R 2O i
TG 154 2014 447 DR 32T 1 s oy
HEABFIAR . A —Fh B R R B0 T
Wi R BE BB HOR (FRET), @i /£ 9 A
[Fl 7 s b5 id doner 1 acceptor #5641, Ml &
PR R 431 1R RO ik B2 R LA 21 th AT 2 8] B e
B BRI LA A IR EE B 15 2., IXAERENS
FLEIN B AR 5 1 R R AR AR UL RO B RS
VS EIPAESun - IER B RS s N
FLIR ) 2 75 ZERE 7 T AT RO bR ic AR i T 50k
TV I BTV AT A B .

PTNHA W BN HIMEL, 1571 45 7] LS
FIRIEFE 00 43 AT BN ) 55, Il H X REOR
AT LUK BN G K RO B AE R o i Tk R
J5£ /N ER B TR S 2 [A] ) X LA T R AT D

I WA AR B ). BT X% 5 AE D) i
THRIEARBATHE N &, IR %0 T I R
BHEAE B UL IR e, whh, T
HARM B R 80y TRAS Uk, XA 1
7 i S 06t B A% SR 20 1 3 A A LA (RS
GE. BTSSR A R T
BEATDOEHRIT, P EART LR BN 73— 3 AT A I R0
. HATSORUT R0 TRIE SRR T
PaRAn C ARG It AR NP 285 o NSNS S P 5% )
TG R BOR PO 05 i Je I 75 I 0 i
5% NEUNIF N e IR IS s M INIE s &2 T
TR KNI

2 LAt AW EL FHREZA

B TR 53 5 W B ) B R ROR,
SR 1 AR BB S, BT SIS R s R
Iy SEEITEANE], % B A HidE A i SEE T R
NS S A, LA IE A B I AR S T B R R
panm i b NN S NS D I E A NN E DN & 5 A
15 B) 1) 2 TR AG 2 RTEST TRDRG B2 3 T i 48 1 R 92 iR
FAFRIEESE 2 BHAn, JURNE B RS TR
REPJFEAR TR T W& Fe e th—— RS (3058
I B) FRUBE AT IS/, 6B (S0 I TR) RUFE S Bl 43
BRI N, SR R AR (SR ) ROFE S D 2
GyER); AR — R I B (< 1 nm), J6
B (nm), @5 (nm). B8] 2> HE—R 5 ) B
(< 1 ms), Y68 (< 1 ms), B8 (> 1 ms). T HFRAT
S 28 =P DL Ry TR ORI SR B

2.1 BEFHEME

JE7 7 AR ) T B BOR A A — A
T R A 1 T O B S 5 B AR T 9 A 03 1
3 A AR AT DA I s R B R 4 | 1) s T e
SRR IR BRI, 110737 7K S B4 )R] LLIB L i
RN IORINE. R T B R T
RV ZTAERE 1A Wb res3e EINANG 54
R, HiE R BLBOR, X2 RN 47 HR A
T3 F R G AR (B A LI 8] 38 A R R ARk
B R BA BN RS Ak 250

X TR R T IR ES T A R R A A R
WOLAT 2 s B R T F B, MDY R RO

188706-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 65, No. 18 (2016) 188706

PRI #3159 31 S ST OG0 AL B R A3 B il 28 2R 1)
TGO B CA, & B A JEH & B ) 2 9 %
A2 ] 43 e 22.25],

R R 7 77 AR B AT J0 0 B Rl 2 AR
HE ISR R, o R N B
H 5 Fnid& & B T XA 2 A5 0
T 2 ) L M TR R AR RIS AR AL T4, B STU
AR A B A 2 R A — E R RS, XL
RGNS B IR il B[R] 22 12 AR 0 1, EL RS () A Al
K— st 2 = AR KR . BT AR 7 7 R e i)
BN 77 VI R — MR AR TR B R () P 5 R
{E45 & T & L2 1 8h J1 24l 52 R T 1 B
BEREAT J7 e & 1 s = E B 1T,

Bl TR B E R R SR BERBOE
FET IR 5TCE B RIEF IR IA). B H v b Re s ] ik e
s 4s, B E TR, FLRAZ B R 7 B R E R R
PR ME AR RS I BN, HARKAR
FI#e R AL

Fig. 1. Schematic figure of atomic force microscope
measuring force spectroscopy of proteins. The stud-
ied protein is linked in between substrate and the tip
of micro-cantilever. Piezo-actuator controls the move-
ment of substrate along force direction to stretch pro-
tein. Force is measured from the deflection of micro-
cantilever with calibrated spring constant. During the
experiment, when protein unfolds from stable compact
structure to flexible polypeptide, the extension and

force will jump suddenly.
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Fig. 2. Schematic figure of optical tweezers studying
the mechanism of RNA polymerase. RNA polymerase
is anchored on the surface of a bead, while DNA is
linked to another bead. During the process of gene
transcription, DNA segment between two beads will
be shortened. Through detailed measurement of DNA
extension and tension, the dynamic process of gene

transcription can be studied.
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Fig. 3. Schematic figure of DNA stretching by mag-
netic tweezers. Double stranded DNA is linked be-
tween coverslip surface and super-paramagnetic tweez-
ers. Force can be controlled by changing the vertical
position of permanent magnets, while torque and su-

percoil can be induced by rotating the magnets.
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Fig. 4. Eight concatenated repeats of protein GB1 are
stretched by atomic force microscope. During the process
of stretching, the force-extension curve can be modeled by
a series of worm-like chain with increasing contour length.
Each force peak in the saw-tooth pattern of force-extension
curve corresponds to the unfolding of one GB1 domain.
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{8119 DNA RAEACHER, KEFFSEMER4EEL. BN [49]) hES IS Bk

Fig. 5. The interaction models of HNS with DNA at different environment condition were studied by magnetic
tweezers: (a) Without divalent ions like magnetism and calcium in the solution, HNS will polymerize along
DNA to form a rigid rod-like complex with the same contour length as naked DNA and longer persistence
length; (b) with divalent ions in the solution, DNA will condense to decrease its length when force is dropped
to 0.2 pN, which indicates that HNS with divalent ions can cross-link DNA. Figure is adapted from Ref. [49].

300

200

100 -

Extension/nm

0 200 400 600 800
Time/s

G RTRGHEDF I 1T 5 LT, WA titin 0 127 S5 M B TSR 0 5 B 2 7. 24
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WR/NE] 4 pN JE SN, 2R R MK BRR 4T, 52756/ R 45 s 5T A 1 MRS 40, LA
ik [35] FRRUSELR IR

Fig. 6. Study of protein folding and unfolding by magnetic tweezers. 127 domain in muscle protein titin was

4.1 pN
.

Force/pN
[=2)
S

linked between coverslip surface and super-paramagnetic bead. When force increased to 80 pN, extension of
protein increases stepwisely, which indicates the unfolding of each protein domain. When force was relaxed
to 4 pN or less, extension of proteins dropped stepwisely, showing the folding process to its native state

independently. Figure was adapted from Ref. [35].
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Abstract

Biomolecules such as proteins and nucleic acids play critical roles in biological processes. Traditional molecular
biological experimental techniques usually measure the properties of an ensemble of molecules. The detected signal
originates from the average response of large number of molecules, which often conceals the detailed dynamic information
about conformational transitions. In addition, many biomolecules, such as cytoskeleton proteins and molecular motors,
are subjected to stretching forces or are able to generate force while playing their biological roles in vivo. It is difficult
for traditional experimental methods to be used to study the mechanical response of biomolecules. Single molecule
manipulation techniques developed in recent twenty years are capable of manipulating and measuring the property of
single molecule. Especially, the force response of single molecule can be measured in high precision. The most popular
single molecular manipulation techniques are atomic force microscope, optical tweezers, and magnetic tweezers. Here we
introduce the principle, capability of force and extension measurement, spatial and temporal resolutions of these three
techniques. Applications of single molecular manipulation techniques in the conformation transitions of DNA, protein,
and their interactions, and mechanism of molecular motors will be briefly reviewed. This review will provide a useful

reference to biologists to learn and use single molecular manipulation techniques to solve biological problems.

Keywords: single molecular manipulation, magnetic tweezers, optical tweezers, atomic force microscope
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